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/sPSl -RACr OF TJl LI DlSC:LOSTJItl= 
All E>1ectxo<le device Tor e ice tr Leal ijr liD^tinf: undergrouxjd 
deposits Df hydroc.^ir lions such as oil .^iaud ot oil hb»liO. PUn-al 
veil pipe &ectiori3 art joined through >.n^;ul!ite<l pipe joints with 
an tslbtt.rodc connected through otic o£ the iii.sulatEd pipe joxntP 
to a low^r otit of V.>xl* pipe scctioias . Each of the insulated i)Ip;> 
joints includes a fir^-t t«hu].Etr tnetntier hax^nng a flange portion 
Af-. rjTiG find thfMKof > 3 pecojui tubulin r mcrabcir haviiist a cap pi>rf.ion. 
at one end i^hich is rettjiviid in the fJeiitgo portion of the first 
tubuUt member with a jap therebetween , sncl an insulating jaembcr 
^i^pqstid in the gsy lor hermetically coupliw^ tlic fir^ft and 
second tubular inembers and for olvidtricsiiXy ip^Tjloting first 
and second tubuler mambo^^ /.xom one anotber. 



ELi^C'rstaDE DEVICE Ki^EiCTRICALLY HEATING 

UMJ>li]lUimiJND DEPOSITS OF HYDKOCAimOJJS 

BACKGKOLTg^D OF ntE rKV}:NTION 
The present IriVoDtion relates to an electric device 
used t9 electriiially heat uniSorg round deposits of hydro c arb o » e , 
More specif icall/, the prei^ent invejitioii relates to an electrode 
5 device vMch is used to supply eloctrlcal power to hti uudeyground 
deposit thereby to heat the h/dr^carboas present in the dep^i^it 
to cause them to have a lipn^r viscosity aad Myjier fluidity in order 
TO mor[? ^&5ily rcmave thera from the vet J - 

Th6 term ^'hydrocarbons'' jis used hereinstfter means 
10 ■ p«tToleuni or oil, bitumen containad 171 oil sand [also called 

"tar ^flTid") and kerogen contained in oil $ba.le* These will all 
be referred to as '*oir* for simplicity. 

If the oil in the underground deposit Has sufficient 
fluidity^ it is pos&ible to extract the oil through the well 
15 fcithar by gas pressure coexisting ix» the oil layer or by forcing 
a liquid such 55 brine into oinj well to forco th^ oil to flow 
out of anothier well, Uo^dver, should the undcrgxaund oil ha.vo 
low fluidity, it canAot be e:ctr acted until the oil is made mors 
■fluid. A iteneral jmethod af m^i;ing the oil fluid is to heat tho 
ZQ oil thereby to lower th© viscosity of the oil. The temper&ture 
suitable for this is different fgr different t/pe* of oil. 

There have hoen proposed as oil 1$jqt heating methods 



the injection of hot v^t^i or v^ater y&pors at ^ hi^h temperr^ture 
under a high j^ressure, supplying electrical power to the 
underground deposit, uncleTground combustion in M^ich the under - 
ground oil Itiyer is ignited vrith a supply of nir 50 that it may 
S be burned, and the jise of eT^plDsn-es. The last two methods are 
difficult to coRtTDl 5iQ that thoy ars pot iti gonoral "usd. 

According to the method of injecting the hot water or 
water vapor at a high tetnp{bra turo and under a liigh pressure, 
the oil layer is heated tp enhance tke fluidity of thci oil tb 

10 * cause the I'l-uid oil to ilovf out to the ground surface. If, how- 
ever, some regions of the oil deposit have a low Tflsistaiic^ to- 
the flow o£ hat water or water vapors or there are voids in the 
oil layer p th? wat^r or vapors may colloct In these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid and dense, the hot icat-er or itis va.porsj will 
again not diffuse ao tb^t the oil layer cannot he heated. 

Heating by the supply of electrical powar ii perfufmiftd 
by drilling a plurality of wolls in tho oil layer and "by esta^lisii- 
ing poteiitial differences b&twe&n ©iQctrodas disposiid in the 

20 wells 5Q that the oil layer is heated by its re^-iiStanEie to the 
electrical current ^'hich floors therethrough* ThiiS tochniiiue is 
advantageous in that the oil layer can be vholly haatad witK ease 
even if it has voids or is solid and dense. HcKever, another 
device is required for pumpiug up: the fluid 6il, 

25 For improving the pil producing s>fficlency# there has 



fi^rthtM' been i>]roposed a niithod which includes a first step of 
benting the oil l^iyor by electrical fc^i^tancs heating and a step 
of inj acting hot water or valei^ vapoTJi at a high teinperaLurc: And 
and^r a high piessuro when the oil layer bec4>nje!; soft whilp con- 

S tiniuhg the heatirTg so thttt the resalta^it fluid uit mjiy be puniTed 
Dntr In ordei- efficiently heat the cril layer » tho slBctroOe 
device must be stif f iiiicntly electrically Insulated thut the leak- 
age of et^ctTlcftlly current into undergriiund pciTtions other than 
the oil la/«T iji avoided as much as possible. 'J'ha el.eqtrode cle- 

10 vitiii l-s al50 required to be anbrcakAhlo with respect to the under - 
gTQund soil press ui'e, the pie^suxc of th<4 vapors which art ^jener- 
ated by the heatinjf Dpcration, aiid the pressure of InjeciLed hot 
v.'ater hot high pressure water vapors. The electrode; diivTc« 
is further required to be free from lujikago of hot water or hot 
high pressure water -vepDri; . 

Tit Qr4&r to explain, the electrode device of this jtinexal 
type more fully , an example in which the oil is oxtxactod from 
oil s^ndE will be deiscribed. 

Oil sandp also called "tar sand", is f^Tescnt in lairge 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine bDtn'eeii ' 
sands in (5&v*osit5. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may fae 

25 partially <ixpo£ed in a valley or at tbc banks o£ 
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A rivfcu bat i i< most oftoa JocE^ted oEittrely underyronncl at n 
Llopth.of 200 to 500 wb.n.K having a ttiicknass of littveraX tf^ns 
o£-. meter &r S5;it2 to oons'i.clftratiDn of economy and <;nvirOiaxi'^;[it^l pxo- 
UDCtion, it it; noc^BBary to separate t^Ut fcho- oil undercfrouncl and 
to oxtract only the oil froiu the well. I^toreoyor, sincB the 
exttiicition of ol). froip ei shallov; undtjrgroand Xayer ixs aceorapnnicd 
by a cian^er of stibsldetioc^, it: it; dosnrable to extract oil oitly 
froifi Txnderxgrouna lAycrs Syimj deeper than 300 ju. 

Furlhei- aapeutS Of the hatikffrOUKici d± the Inventioit and 
the Invention o.f the pre^sent uppllcauion &re rl^^Kcribed wi Uh 
the a sgI stance of tha acccxmpanying drawing k in wJilnht 

I ia £k tfohemiitiG st^ctionaX Yiaw showj.n^ a 
conventional prior art instnliatiOT^ of the ^exi^^ral type with 
vhich the invention is \^l:iii£ecl? 

Uig* 2 is Li L<ros0-9PctionaI view of an ijiBuiatd<l pipe 

:^oi3it o£ thB invention; 

Fig. 3 is a Dj;c>»9"a^^tiona3. Viefi^ showing sworal joined 
pipe BBctijonc, an eleetrode and in&ulftlved pipe jotnf-a in accordance 
with the invention? and 

Pig^. 4-7 are a- scries of cross -sectional viotvs 
iXluatrAtincr tha uac of. iuBuiating coatingii in aeoordanco wii;h 

^he iiivdiiitloii- 

l?ig, 1 iilu3tratQi5 the' heatinsr o£ an oil &ar>a layer. 
l?y ElQCtorocleB coupled to □ i^owor supply- in ?ig^ rcfarencs 
nuineralB 1 hnd II indicate main guide pi.per> made of ste^l^ ?. 
aYKl- 12 indicate InsulatoL's 30ln€<i to ttic laaixi ^ide pipes l ahd 

11, 'ct and 13 .indicates clectrodeii joined to the in^vlators 2 and 

12, p&i'i;orai:iona axe fcrmed in the electroclei? 3 and 13, atid 4 and 
14 iodionte cables for feeding an elec^triu cfwrxrent to the eXe- 
ctrodtis 3 and 11. This assembly ia hereinafter called tog&ther the 



''elccv.i:oc??i device". Rorex'ei»ce m^ctieral 5 infiicattis a power 
afturcc, 6 inclxcflte^B au oil 3cHm3 Iriyer, V indlcotea an olcctric 
currcjstt Uawinq between the elp-r.trodftB 3 and 1.3, B indicatec bho 
grouucS surf Lira, 9 inaicaheB an ovctrbUTdfjn luyer,. and 10 in- 
dicrates a layer below the nil santi loi'cr, 

When a voltayc i5 af»pli.e[l to the el.ftctxodc^; 3 and 
13 whic)i arc buried in the oil Ranc£ layar 6 froia tho pow&r 
-loiircE 5 thiroucjh the cables 4 and 1<1, tho current 7 llow.O 1a 
accor:flanc-e with tbo electric rcs 1 ^lUnrice of the oil sand Ifiycr 
(> as a reBult 



of vfhlch the oil sand layer 6 15 heated by Joulft &t resistancL^ 
heating, AlthDujih^ the current 7 paitfally £low5 into tho over- 
Ijurdsn layer & and the layer 1&, the l&akji^e is maintainf-d at a 
low level because the insula tors 2 iipd 12 art inteTpose^i Lotween 
the mgiin guidp pipes 1 and 11 and tbo electrodes ^ aiid IS. After 
thm pil sand layer G })as been wsrined, the pow£>r 5Upply is inter- 
Tupteti. Hot water or water vsipors at a high temperiture under 
a hi^h pressure are thLMi forced from the upper iiilet o£ 6ntr msin 
guide ipl-pe I of the electrode device and flnvf through the ail 
saud layer 6 until they coine out of tlie other main gijHe v^pe ■ 
11 carrying the oil, Tn ordeir to improiro the flow ratas of the 
hot vat^r or the hpt pressux^ water vapors, perforatioas are 
fdrrfl&d in the electrodes 5 and 13. 

Since the upp^r portions of the insulators 2 and 12 
are connect tsd to the main guide pi^ej; 1 and 11 and the lower 
portions are conncctBd with tha electrodes i cmd 13 ^ a doien- 
v;ard ten^iiie str&sR is ali«^ays applied to the insalatDv.s, MoT'e- 
ovea% since tha Hi?,^erably can be at a tenip^r^iture as hi^h as 
ZSO'C to SOO^'C, the in^ulKtors should bo ahle to withstand such 
tempiiratures. Also, since tht* iTiPulators Z and 12 ars buxie^ 
underground as deep jjs several hundred iiLaters Kith the electrodes 
S and 13 suspended from their Lower ends KXth tho uppe^r enJs 
thur^of connected to the main guide pipes Z and 12 » the insulators 
1 a^id 12 vfill almost certainly contact or collide with the well 
walls vhilu they arD lowfttetS into the ifell. Because of the 



gTti&t total v;eiftht, smy .flight contact will impose a hi^^^ siiiiclii- 
nical impaLt upon the insulators 2 and 12, There i'oi'e, th^ 
insulators 2 a^d 12 roqm'.red to be nble to Tfithsland aiit ici^atod 
levels of mdchaTiical impact. 

5 m an fri&ctrotle device which hsatP an oil sanci layer 

when it is ^uppliEd ^eith e.l (metric curr&nt, a jiia;jor prubiem is 
LhaC the yiectric r^si.stance in thQ oil sand layer is appro ximtely 
cqxial to the overburden layer. 5ince Lhese ticctiic resist^jices 
differ depending on piace and conditions ^ they tJinnoL j^ciicraily' 

1^ be precisely stated. Ha«t)vc?r> avorag© valu^^i ^re lf)t>^>-in for 

the oil s&nd layor and lOO-lSO^i ■m Tor the overhuTcJen luy^r. As a 
rt^siilt, if' at) electric current is supplied * to two electrode Uevlces 
which are constructed by connecting electrodes to guide* pipes m^d^i 
of steel pipes and by disposing those electrodes in the oil sand 

15 layer, raont of ths current will be Consamod in the avcxburdcn 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes uith an insuXtiting coatiii^ 
or La Insulate the electrodes from the guide pipes. 

Various atteTnpts have been made to provide insulators 

20 wKicH satisfy the afarcmetjiioiied requirements. In one such 
Httcmj^tj flaxincd tubular members made of me^tal are coatod with 
*n axgHiiic lesift whicli provides a high x^ststanue tg hea.t. An 
appxgpTi^te fttateriai is polytetraf luorQ©thyl<?Ti<J r^sin (fax example 
"Teflon^'^'" -Khich is trade name of du l^ont) . '^Htb this 

25 construction, insulating momboxs are provided ifliich are 

satisfactory in their ability to withstand a s^2^jpcndi^^ load 
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And iiiethajiicpl i.mpact forcgs, However, it bn.s provBd quite diffi- 
cult to coat the fianf.s poxt-iDns sntisfaciury wHh The insulat- 
ing Qiaterial. >lAn*over, even if s a t.l.s- factory iusulatinjc; char- 
iicr.evi&tic& aro pToyided at ruajii tonuporatyre^ the ijisuljiting 
5 cDatDDg has a tcnd&ncy to sepaicita, es^peci&lly itroimd tho flange 
portions ^ duo to repeated t}i<=!TtzyiI expansion ajid cyTLtrat'tiou 
such «s is typically Dnc-oxinterec) in no mill operating conditions.. 
If th« insulation coating is brolcon or caused to flake off, rhe 
"i-i\5wl3tors thni> produced bcconiu useless, 

10 Tt; ci second attempt, porcolaln inatoyi&l has been used 

for forraing the insulators r Howevtsr, it (ilso n^cess^ry in 
Cpri^tructing the 3n5uIators to tako into account the roquitement 
for providlt^ij wst^r and oil tight characteristics with respect 
to the connection between the niain ^uide pi^jcs 1 and J.l and the 

IS clbctTpdes 3 and IS fis w^Xl as between the iiis;jl sting uiemher. 
I'hD connection has generally b^en made by shrink fitting metal 
(>iptj,s cin the outer petiphttral surface of thB p<;>rcelain pipe and 
then connected with othor metal pip«s ordinary techniqut^^ -si^cb 
as welding or fittacbment «ith holts, With this cons txi^ct ion , 

20 althouj^h ths wall or oil tljjht chs^racteri s ti cs may be acceptable 
at room tomparature^ the strcnjjth pf the shrink- fitted joints 
tends to drop as the tenipoxature is increased At? that the ahi- 
lity to support the* suspended load is correspondingly lowered, 
MoreorBT, breakage of the poxcelain may taken place as a result 

25 of the stress Deposed upon the le^ading end portions of th« shrink- 
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fitted aroas. order to etliminate su'dt (3raK'l>acVrv , theni lias 
be&rt prDposiid t>ic? oX a porcei*iin pipe Imvlng ends formad 
as fjunge portions with the flangB portions fastejit-d to jitctul 
pipes with packings intfi-Tposed tietween tJic cuutact svv-fac(JF. 
5 ll^ith thiii L on j;t ruction, th& above- stated renulr&inenTs 3 re met 
at i:oom temperature. However^ the watei ancT oil ti^bt scELl/ing 
tends to dctur torate upon repeated thermal Dxp^n^ign lind con- 
traction. Moreovei> pomcliiin -intrinsically lacks stre^i^th 
against mechanical impact forces- Thus, it has a higb tcndBni:/ 

10 to be broken by it iiiacbapic^l impact force such as i.s DTdinarrly 
encountered wJiilc t5ie> ?i5J?eiiibly is lowereJ throu^Ji tht) w^ll.. 
Thus, thtt prosfi^ioii of a porcelain insulator sufferii from the 
unavoidablo defect tb&t there is a hi^Ti tondeiiiiy of brealtage. 

V^t further, insulators foitnod of organic polymeric 

IS compounds have been proposed. Although Mich compouiids may have 

£i high strength at room temperature and are quite good electrical 
intiulstors, most oL* the compounds this general class are not 
particularly heiit resistant, SpBci f i cally,very few coiftpounds 
of this.. type ai^ k\wan which are resistant to hot water or \v^tcr 
vapor at hi^h temperature and uTider high pre s sure ^ 
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^u>mRY OF Tiii i vp N nmi 

In accordajLCc vith tlio i » vent ion ^ tlnjre provided 
an ciGttTDdc dsvxco ^or el.ectri cally he&tlng xintlexgroutid deposits 
of hydrocarbons iwclutiing a plurallt./ of well ]>ipe sections > 
5 an electrode adapted to be disposed in an underground deposit 

of hydTDC^rbojis P.or supplying oji electric current to tlie under- 

round deposits, a ^)liiraliL>^ lif in^tuliitiii^ pipt joints gkcH 
lnclu{li/nj a ftri^t tcibulE*-T m^Tiitier having a flange pent Ion vn^ 
^nd thereof, a second tubular member having a cop portion st 

lO one end thereof adapted to be rcciiivcd in tlic flanRij portion 

Df the fir&t tubulaiT mgrcibqT with a gap therebfttween and an in- 
sulating mennber disposed iv the gap beti^een the flange^ portion 
and the csp portion for hermetically coupling the first and 
seODCid tubular idcmbDrs while a l&c trickily las ul at lug them frozn 

IS one angthsr and with tbe insul^t-in;: pipe ioints being us ad f.<5 

couple at T.efist some €>f th<j pipe •^ectionji together aiid the e.lec- 
trade to one of the pipe -settioTis, &7ld a cable C0T)7iectefl to the 
electrode for supplying an electric current thereto. 

At least sam o£ the in^ulHtin^ pipt^ joints can bo 

20 interconnected. Tlie insulaLing meanbDr of each of the insulated 
pipe joints includes a first Insulalring portion disposed in the 
gap bctif/ecTi th.c flaiigc portion in the tap poi^tion and second 
insulating portions disposed aajacent inner and outer surfaces 
ftf Lhe tubular members with the fiist and seoond Insulating por- 

25 tions being formed integral! with each other- Preferably, the 
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iDKulabing j^Riivber of Rixnh. of. the liiEuLattid pipo .joitita lis JKado 
of. a i^lLise-jyiica KUDldin^ .CorjiiCKl r:rom v^owtlcrc of- q^^a.r.R and mica. 
An Insula tintj coatincj miay be pi-ovided on ah lea fit ii portXaii o£ 
the ox^tot^ c^arH^^ci^ of the inirul.ated pipe: jointf:, ThiK coHfip.g 
Tft&y be a tGiiin of polytca trail nor outli-ylcuu r i3i resit) <3\pl'je:nyl 
oitidii. >loreOYor, a protective iLiyor of insulation can be 
proyi^ed arovn<t at lea?;L a portion of tbft inRulEiting coating. 
'L'he proteplivci lay^jr rafiy be; an iriexponaivc Tna^:erian. aucU 
polyotiiylCUO^ palyprt?t>ylerLti or polyx-'inyl chloride. 

Further obi etc tit an<3 a«^V«nV-Agee ot izh^ iixv^ention -will 
appear froio the following cltccripfoion te^kcn togeLheic with the 
iSicdainijanied drawin^B. 

In accor<3titicf& with tb<i invCifttion, tharo is provided 
an Bleutrical tie^ating BlscTtxode device which is etttiroly froa oL 
the above-Kient-ioa^tfl ara^rfbacfes* A preferred embodiirient o£ 
the Gtliifetroda device of the invention will be desc-ribe^J in a^tai." 
£irBt with rtsiJoronce to Ficf, 2 vhiuU shcyvc:^ a t?EOCS-£;ectioiifll 
vievf of an insul^iil:*^ pipi^ joint 3i vchiuh is utilised v^ith the 
BlEctrodtt dtivic[^ of the iuvontion. 

The pipB joint goH^rally dEosi9rjatcO 21 In Fj.gure 2 
comprises ft^ur^ basic alementai 

a fir at tubular member 77 r a secoiad tubular mambar 33, 
a cylindrical sltieV4i-lik& cover jKieiTfiber 2i>, Rnd an insulating 
member 35. 

'i^he first tubular JTtOjHbGr 22 comc)rl£;frc ft cylindrical 
tubular pc^rulon 23 with a radially out^^tdly GXtendlncj flanges 
pojction 2 A at a luwar fiiit! ae shown. 

The cecon<^ tubular njombe^: 33 compxifjey a cylindrical 
UuUilar portion 30 with a radially outwardly ejctending hub porb.i 



1168283 

25 at an upi>R^ :>iiOwri* The iuto.rior diame-tL^r of tubular 
portion 30 of tbt; auLrond twbuil.^sr aiffiinbear 33 .1.9 ^hov.'n idautlcal 
to the liiterior diameter of Lubular portion 25 of t(i& 1;lrst 

Hub portion 2fi of tjift ^jid tufciilar Tnembcr 33 is provided 
with an inueor^ial annular recess 'SI as Ahcwn. Huh portion 25 
is also provided with external thread b 32 which inat.e with 
threac^fi 29 .on cover niember 29 to be. doscribocl, 

Slceve-likc oovor jREinboj: 29 compriseii « cylindrical, 
Uubul^r, drum-like portion 26 with internal thresds . 28 at one. 
lover &nd as ahpwn in Figure 2 and a racial], Y inv^Eirdly &xten<1ing 
CAP pDrtian 27 at the other upper ena. A? shov/a, t^^tlular porUioa 

26 a Iftrgor iiitoriiEil dievoetBr that the External diamater 
o£ flango portiuci 24 of the first tubular jnember 22 bo as to 
pxnvXC^ a sr*ip therel5etwee» lo be occupied by liaBula^ing member 
3S- Cap portion 27 of cover iKsmber 29 hag ein internal di^im^ter 
larger than tho enternal cJiameter of tubular portion 23 of tho 
Jirs-fc tubuleir jneicnber 22 so as to for^m a <fap tborebctuveji. The ixi- 
tBiinal diamotei- of cap portion 27 is sjoallex than the external 
dieiitie>tKr of flaiiyci portion 24 of the first tubalar utGiubcr 22. 

j^r^ferablY the first tutfc^l^r membe-j: 22 ^ second twbulajc 
jdfWinibor 53 and covor moTnbor 29 are tnado from steel. 

XuBuJ.ating^ member 35 .inoludes an. oxs.tw -cirovmf erentlally 
insulAtin<^ portion 36 vfhich surrounds external suriace© of 
tubular portion 23 of firat tubular jmember 22 and an inner cir- 
cumfertjtitially insulating portion 37 which fits lncld<5 the internal 
annuilar receaa 31 of hub portion IS of the second tubular member 
:3'J. The Ltin&r insulatintj portion 37 haa the* same int&rnal 
diameter as that of bubular portion 30 of the sewx^d tubular roeinber 
33, Ab inay b» eAen, insulatintj jonembar 35 comprifiss an integral 
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^ itUL^Aibe^r oxLcncling froxn portion 36 ttiercof to portion ^^7 thereof,, 
integrEil insulating iiiRmJse:^ -^-'i Ltius s5>ctceB surfaticis ot; the C'ircj-t 
tubular meniljer from f^ii>:fac:ftfi of Becond tubulajT Kiojobfii: 33 an<l 
cover iKiQjftbcr 29 by a gap occupied as seen in rigurf? 2 hy inaaiatj.ny 
iTteinbe:i" 3S. Insulating inp.Tnber 35 ineulatfia first tubulftl T.>ora^or 
7.7, from cositact with :ioc?oi]d tubular Jr\cmber 33 ^nrl t:over fiietitber 

W'itb cover pnernbej; 29 sorewed down onto sgcoixU tubuliir 
Dnambfeix S3 as a^ioi/n in Figure 3, flan^^G portion 7.^ of first t\ibular 
^0 meraber a? encased by insxil at 3.119 nteinber 35 ia sii»n(lwiobccl between 
oovcr mcjobc.t 73 aD<^ the u^er end of hub partion 25 of the 
second tubular member 33, T;jhejceby j.ns^iJating menibBr 35 m&y form 

hGiriKiatic iseal botweon fir&t tubular tnecnJjex 22 and secoxia tubal iJir 
Tocmber 33, 

&y £;crev.tiac| cover member 29 onto, second tubular 
ifleoJJbet 33, fir at tubvlai; ition^bor -22 may be firml^^, sea lab ly coupled 
to &GCOQd fcubuXar nieniber 33 yet iiiaalExtively l50l^itf;<S. r.nerefrom. 

In assembly; first: tubuXar portion 2.1 ffiay b& in&Cfrted 
through wver nkeniber 29 follo^tfijtg which cover mexnb&r 2? niay be 
20 &crcri/ecl dnto eaDond tubular portion 33. Th^ ijnsulafci^^g memher 
33 may b& s&sn to occupy a cf&p between the first tubular XQOiabcr 
22 and the cotfibi. nation of the second U^bXTlar meitibar 3 3 eind CrOVOr 
laeniber 29. 

Pxoferablyj the entire insulating merftber is inftd& of 
a cojitpa flit ion of gl£ie£: arid wlca and is formed by a molding pro- 
cess. The jtjip;ilating jfteaub^ir forLTiecS by ho^Uiiig a mixture of 
powSers of glass and mica to a sufficiently high temptirature 
that tho mixture beccimeB fluid* Once ths mixture fluid, it 
ifj pre a sure xiaoldcd X^&in^ a mo. Id of appropriate thape. The fOK"- 
taatlon of the insulating member 35 will bR deacirbod in jnorc 
debai?.. 



meiTiber 33 are asscjftbled to be pofsi. tioued afi shown d.xi Ficr- 3 nnd 
Axei tlxp-n he^ateid tD a pxedetcrAiinocl tUToperdUure. The txjo tulnOa-c 
iiiKmburfe at the clcv<ti:^:f3 iicmpRratvro eiro Tittofl into a t,-^o1<3, 
We-Kt/ a mixture of glnas Atit] micet povderFs is pre^^arca by ppe- 
iftoldijig the Kixturc^ into Kh^ fai'Mi ^i' a preiiraJlneiry molded jiieiribe.r 
of a cyLindrxcal Bhape which v.dl I iiit do tho gay bt;tv/ccn the 
tubular portion 23 tbo fiirst tubular rtveiiODPr 22 anii cover meniber 
2!). The prcliipinary molded jiiEuibBr is heE^te<3 to a pred«tom5.uod 

1t> temperature itiid fitted in the cjap in a he&tod condition, m^-t, 
a pre&&uire ie applied to thti preli.m.nary molded uocmbci: bfttore 
it coolL- to force thev matei-ial of the n^L^iribCM' to i'lov; into the 
gap between thB £iri;t and secoM tubular itiembcrs ?^t;(5 into th€i 
intarna.l annular receissj il in tho second tubular moiober 33* 

JTor tte T^ftterial of the preXiTninaTcy molded momborr 
45 wb% i^XiXBu potrtSer prepared by ^>ulv^ rising a gici?;e ueed foir 
6n£iml CDoting j^teel objects, co/timQrcially available 'as Product 
Wo. 2312 of Nippon Ferxo, Atd.p to a eiso of. 200 mesh Mix^&d with 
55 wt<l of micai powder o± gyxitbetic pblogopolto of a size of 

20 |>tj to 200 nuesh. 5 wts of water i3 added ta the resultant roixtur& 
to.^dt it »o .it q?an he ifnoldGd. 1500 of the ^tstttid mixture 
i9 molded u£;ing a oold pre a aura nioldin9 pxoceBB to form a cylin- 
dricnlly shaped body uaing a mold (twt ahDwn) . Tha prcXiifiioary 
molded irtclkibctJt: wa6 dlBpascd in a cl):Jler at 120'*C for t«x> hours 
to dry it prior to ikts use in forming the inRuiatiny jucsnber 35* 

daacribed above / tl^e covbi: weimbcr 29 ^nil tt^a hub 
portxcxn 25 aro- [joined by scr©^ threafSs. Mowex-'erf the invention 
ia not li^^liii:ec5 tliexeto as tlic cover mRmbBr 29 and the hub por- 
tion 2!j can t>t: joined by wlding. 

in an alternate; CTnbod5.meut , the cap portion 27 of 




1 the cover memher 29 ifl clLvided inl:o four q«adrcinl-.a Lvw of V^hn.cii 
airre remov^ifl, Tkni .flaago pr>rti03i 24 of the first: tubular .roeiribe.r 
22 ifi t:bcn out liiLt^h thdt the rcjniaininrj £?art oC the .CI cany u i^Ol'tiOn 
24 Cfin Tit through tht? two reiijaovod quadrnnts o£ tha Lseip pC>rtiL>n 
27 so that the flancfe portion 24 can be located uncler ihc cap por- 
tJLofl 27 vf the cover iriEjmibEi- 2^. 

VH Uh tb«: ipf:i;l.aUe:<? P^PR Df^int rlor^cribef? ahovB, a t^n- 
&ile foraa imposed on tiic cuds oJC tha noint Is coiw^rbe^ci ii^l.o a 
campreBBive force which acts bet^'een the cap portion 27 nncl 

10 eiftntf<> portion ?A. &'inc!t> the comp.regsiop pLirength of th^ -insulating 
memhcir 35 of the type dcscxibccl is moh tfreatcr: thfin j.t? ten3i:ie 
Btrenyth and since tlie £ort:c por Unit eircft can bo rulI Uably poh ' 
by fw3justJxg the e.?tUefm the area on which the comprsssivE 
torcQn arc applied, the resulting a?sembl3' in quite strong and 
abls to \fithi^tanci higli t6ft£iil& forces imposed on th& ends ot the 
joint* 

high toanpcraturefi, for inatan^^e 300^0^ the heat 
TTosiiEtfint char ac tori jc tics of the insula titicj m^mbor are prlmtiiily 
•determined by the thfermal (jhArncteri sticks of the gHas-*? nxatorial 
ua«i(i ^9 I'he 5tarfcinij material. Particularly^ the tranBit.i-on 
tempera tx:ire of f-hi.s TTtatorlal is important. If the iMfransltion 
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temperauue i.^, for instance, i" a range of TiliD '"C to 600 "^C. 
fl high mecbciTiical sti'ortgth J:or the overall assRsftbly vill be 
preserved to a LempersiTure of tit l&&?t 300*C. 

Xtth Inspect to th^ T'o:ilsLance to nicchanic;^! impatrt 
<; fotces, the mica powdDc which U u.sed to lorn the inffulati.n^ 
me-^ibftr is composed of particles huvi^St a flat shape xi/hereitv 
the ratio of the iUmDict to the thiclcness of a ftiftgle scaTe 
partlcTo ftener^Xly in a .range of 30 to 50:1, Due to thf^ 
px^sancc o£ the senile particle?, tho inol<led insulating memboi- 
10 has a ruiiiijiated form thereby providing it with » lilfth elasticity. 
rhi5 high el^istlcity would not l)e present if the inj^ulntins 
[jiembur were formed only o£ glass powaers. Duo to the larfdnated 
construction, t)5e insulatiiij^ member provided with a much 
greater resistance to repeated tertiperatui^ changes and titDchanical 
15 impact farcos then is *i ptlor art t>T>e o£ insulating inesnljer luade 
Qf an inorganic compowd, ITierefore^, the insulatirtjt member 
produced in accordance with the invention is suff5ciontly stronfj 
that it c^n withstan<l tb© t^'plcal ijnpact farces wUich arc en- 
noun tertd di?riiig the use of the structurB, 
20 NDXtj the copiitraction of -a prefexred enilioaiTOept 

of aji. electrode device of the ii^vsntlon utniring the ab^jve- 
dGscribe^J In-Hulated pipe joint 21 '-^iH be given vith reference 
to Vfift. 3, Reference numerals 1 to 4 used in Fig. 5 indicate 
similar ci>«ij()onents as those of Fig. 1. The rishthand half of 
25 iJi^, 3 shows the completed structure of the insulated i^lpe joint 
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21. As ^i>10wTT in the figure, the iiuf.ulatiug meinber 2 includes 

tKD in5uIarjR<l pipe joints 21, One en J o£ (.he insuLating m^imber 

2 is connecteO to the pipe 1 i)Ad the other to the crlcctredo 

3. These connections may bt- ^iindEj hy w^U-kTiowTi tecKnimxys .^uch 

as t^Rldin^ ox by t^te use of screiv threads. 

ASp in accordance with the iuvention^ tho coinpletecl 

itii^uiatDd p-ijie joint Zl ha? a coinmon tfiTOVghhole of t^in.stant 

internal difimeter, the asserabiy arid use thereof l5 quite ea^y. 

Tor instance, the provision of the above-dcsci'ibcd partltioiis 

is quite siotjilE*, Hi trturfit, moTe than twii irisultited plpo jo^nt.^ 

can be provided ats needed. Also, one ot the pipe joints 21 

can be CDnnected directly to the pipe 1. 

It needed, 4?uirh as in the c&^se {iTirto hax'inp a hi^h 

salt concentrstian is -used, the outer surMace of the xni^ulateO 

pipe joint 21 can be covered with a coating 41 of an organic 

substanco having a :5u£f iciently Iiigh heat resistant propert/. 

Thi^ is shown in the Icfthand paxt of 9i^. S. For cxafli|>le, the 

TM 

c^^ating 41 can be formed hy shrink fittltift a "Tefion " tube. 

Aji dGi;cfibGd abovti, in accoTclaiKrti with tho inventlen, 
thu pipe:5 and tha oloctrodcs iire connected tbreu&h the insulated 
pipe joints. Tensile forces applied at the ends of th^ insulat; 
ed pipe joints are convexted into compressioTi forces vhich act 
between the cap portions and the flajige portions thereof. Since 
tbci cortijjri>siii6ii strenj^th of tha InsulAtltift* moLiihcr is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invention has h quite high i^ie chemical rjtVDTigth and can 
wit.h5tand high pressures and strong mechanical itnpact forces 
so that it can he u5cd under scvi^xC opciati.ng conditions often 
eTic*>UT\t9Te<t in oil if ell application. 

Yet furtlicT^ the coating 41 and the insulating members 
2 ajid 12 of the Dl<jctTqdc cfiu ho formed fronk othor TnaiiSrialS. 
To determine what materials are be^t for tht^se member?, tssts 
were conJucted to investigate the resistance of various organic 
polymeric coitipoutids la hot vacei* and water v^ipor at high t#ropc>Ta.tLire 
10 and unicr high pressure. The compoands Investigated ar& listed 
TsblQ 1 herein* 

Regar<iing the tests, teat pieces of each of the materials 
ifere placed in quarts test tubes filled with purcs water. These 
test tubes were placed in a 2 -liter autoclave containing pure 
15 water - The autoelav? W5 h^Xa laO^C at an internal presisuto 
ot SB kg/cm^ for a period of 10 days. The autoclave was then 
cooled to a room t^fwperatare and the test pieces veic chcclced for 
appearance. The results are presented in Table 2 from wEiich it 
Citn be seen that liot v;ater and steaTD had a much more adverse affect 
20 than dT>- heat. Of the materials tested, only polytetraf luoroethylene 
resin ?ind diphen/1 oxide resin were acceptable. 

A coating of Tcater.and steam resistant resin can bo 
formed (tidUiid the pipe 1 by ropcatedly applying coatinj^s of the 
roaterxal. end baking tlie a-ssembl^ until tli& desired t-Hitkness is 
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obtained. Wso. a liOAting of the heat rosistant rsi.»n can be 

formed by Jiirst prepariag a tube ol t.ht> resin 'Jiaviiig an insiiJe 

diameter sli^jhlly larger than tlie outsi.rte diameier o£ tho pipe 

l:.and then slippjng the tube over tlm pipe 1, If tlic resm 

is in th<j form of a slit'Ot or tape, it n^y be -.TOund directly sitduikI 

the pipe 1 s«d then fiisior.- bonded i£ necessary. As dLsLiibed 

above, a h^at-.shrlAkable tube of polytetraf luoroethylft»e can 

ba slipped over the pipe 1 and hD-dted to fit it tightly to the pH^e. 

As discussed above, vfKoo tbc assembly iiicluJinB the 
electrode is inserted into the oil well, there is univoi^ablD 
cbfttact .with the inner xrall the v/ell so that tbi; heat 
resistant lasulatins coatiiifi may be damagod- To pravcnt this. 
protectivB coiitine of insulation 16 ".ay be formed around the 
insuUtioa 15 ss sho^n in Pig. 5. Since the protective ^o-^ting 
of insulation 16 may melt or coUapse if tbe electrode is 
exposed to hiith teittperuttires, it tan be msdc o£ an inexpensive 
ra»t*rial such as polyethylene, polypropylene or polyvinyl chlniide. 

Typically, the total length of the guide pipe 1 is 
200 to SOO m. However, a si.ijjle section of tho steel pipe that 
wakes up the £uid9 pipe 1 is only about 10 m in length, 'S'o join 
the pipe sections, each pip^ section is provided with a taper 
thread ot. one end and the pipe sections are joined by screwing • 
them together. An insuUtins coating must also be formed around 
the joined p^rts of the pipe *e>:tion* and on the surface of the 
coupling. To acco«.pli5h tilis, as shown in Fig. 6, steel pipes 
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lA 2ijd IB ore crjvored the coAt-iag of heat tosistant iajsul.at- 

ing material ISA and 15R and ar6 joiiu'^d by a coupling iV. A 
coating of heat r^isistant insida t lon 15C is formed aToynrf the 
couplinsj GxtEndinfi iiito Eidjacent area.s, A heat-skritikable tube 
S of a pDlyt^tr^fluDroethylfrjie is p.^Ttzculai 3y suitable in thin 
ca$5. 

To protect th<s iTisiilating coatings from direct contact 
^fith the inner vaJl gf the v;eil* stD£?l pipe eei^tions lA and IB 
covered with the coating bf heat resistant inHulatijig material 
15A and ISB ^nd protective coatings of in^uteition 16A ar^d i6ii 
are fixst joined through the coupling 17 > Thereafter y tht cDupliiig 
16 is Coated \fith. the htjat resistant iustilatiDn 15C and then a . 
l&y«r of 16C if formed aTound the coupling and in the adjacent 
areas as shum in Fig, 7. 
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li\ aud IB nix cr;v&red vith the coat.iag of heat Tu^istnnt inisolat- 
ijig material 15A ajld IFR cind arc jrjnnf^O l>y- a coupliU'j IV. A 
coatirig of heat resistant insulation IGC 15 formed axDynrf the 
couplinj; exe&ndins ixsto jidjacent axea^s, A heaL-sKrinkable tube 
S of a ^Dlytetr^jfluDroethyleue is p.-^xticularDy suitable ixi thiij 
ca^ 

To protect thcs lusLilatiri^ cpatinfis from dd.x^cc contact 
ifith the inner va2l of the veil, stoel pipe sections lA aaO IB 
covered with the coating of hLs&t resistant iuKul^tlng material 
15A and ISB ^nd protectli'D costings of in<sa"f.Eition 16A and i6B 
are first joined through the coupling 17, Thereafter > the cDupliiig 
16 is CQat^id vith the heat resistant iu^iil.^tion 15C and then n . 
letyei' of 16C if fnrjn^d around the coupling and in the adjEicpnt 
areas as sliuc/ti in Fig, 7. 
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Table Z 

Sampl e Appearancg 
A 

3 ' T\iTiibd Into 3 XuTupr 
C 

D ' CoXlapsed 

El OK. 

B2 I^t^" 
F ' 

G ' Tarned into a lump. 

H Glass whitened 

(R^sin came s^ia-Tt) 

I Dp, 

J Do. 

-21- 



V/ilAT l<i L:i.a2M1u) i^i 

1, An eTectrcule device for electrically heating unOer- 
ground deposits of hycirocarbous corspri^in^ : a pluriiiity of wdII 
pipe sections; an etect;Tod& adapted tii ^i;> dispE)si;d in an vndei:- 
groujid deposit ftf hydrocarbon-^ for .supplyi^xg tXT\ electric current 

5 to 5aid (indeTgarovnt^ deposit ^ a plurality of insulated pipe joinLs 
each including a first tubular mt^Jiibcr liiivhijj a flant^t; povtion 
at ono end thereof, a *?ccond tvibxilar meTTibex having a cap poTti.on 
■^t (iTiv «nd thereof adapted to be received in s^id llange portion 
of said first, tubular iificmbca' i/ith a x^^V thurcbctwc;on, und 
10 insulating: mciilber diiipO^Sed in said gap between Jsaid fl an g;p , por- 
tion and iirtid cap portion for hermetlcftlly coupling said i'irst 
a7)d i^bcond tubuleiT member and fo? electrically insulating said 
first and second tubular members from one another, said insulated 
pipe Joints being operativcly disposed I'o couple at loasf. sojne 
i>£ salcJ pipe sectlot^s and said electrode v^bile electrically 
lEi£ulaLi[ig said at least st>jaii of said pi|>e lections and SiLd 
electrode *r and a cable connected to said electrode for supjjlying 
an electric ciirrent to said electrode* 

2, The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are inter CDrinected. 

3, the ulecfrode device as 5ct forth in claijii 1 k'hei'tidn 
said insulating mt^mbet of ^tich .of said insulated pip^ joints 
comprises a first insulating portion disposed in said gap between 
said flatigft portion and said cap portion, and second in^ulatiTig 
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portions disposed adjacent inner and outer surfdii&5 of said 
tubular mejafibers > said first and second insalaLiuft portions 
being formei3 integrally with each other. 

4. 'l^lic electrode device as set forth in claim 1 ifhereiii 

5 s&id ini^iilating imintbDr of oitch of said insulated pipe jointi^ 
l5 ma<l« or a gld^s-Tnica moldajm forjfied fTom glass ar^d mica 

Tho electrode dovite as ^ct foTth in claim 1 further 
comprising an aniiulAting coatinj; profided op at least a v^^tion 
10 of a.n outer surface of said insulated pipe joints. 

6. The electrode doyico set forth in clsiim 5. wherein 
said insulsitlii3 coating isrpolyt^tTftnuorDctb^aene . 

7. Th& elevctrode device as set loith in clatJH 6 wherein 
SHld insulating coasting comprises a resin of thermaU/ shi'inkabl^ 

15 j^olytetraf luor o fct hy 1 e ne . 

B, The electrode d44v'ice af: set forth in claim 5 v<horiiin 

iieiid in9ul;3ting costtixig comprises a rcshi of diphsnyt o;£ide. 
9^ llie electrode disv'ii^e as set forth in atiy of claims 5-7 

further comprising a protective layer of insulation .upoiv tit : ' 

20 least a portion of said i^aulatine coating- 

10, the Diccti'ode devico as set forth in any of claims S-T 

fuxthev comprising a prot«ctiva layer of in5ulation upon at 
least a portion of i^aid insulating coating, ^^id layer of 
protective insiilatiori comprising a material selected from the 

2^ group consistijig of polyrth/leaie> poiypiv^tVylena and polyvinyl diLorid^. 
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connected wftll pipa sectionB, ixn t'.lor:tro<3p. E\aLi£^t*j<:i to bo tSlRpoeed 

cuire-fjL to said undc.rf4rau3n<5 depoa2.tr Least one xjASuXatcd pipe 
joint includimj <v firs^t t\ibulsir inembcr ooraifirisQA o£ a well pipe^ 
secfciun lKnviit<3 a flau.jc portion at one tiid ti^oveof , u fitjccnd tubn- 
iDr mEmber cOiiuH jts:t;<3 O^i said electirt?d« a>.:^poj3ftd in aligniu&cxt 
with eaicl lirfct tubular mc^iubfir, a coyt^r mciub-^r carjried by Raf.d 
EBcond tubuleijc ciioiTibeir bavinci q cap portion fit oiie end thtirco.t; 
dippo^d in overlyin^j rcl&tion to ^i^id flange .portioii^ above SftlO 
firgt tubiilm momb&r wtt^^ a gap thert-b^-^twoen * an ini^ulatisfig membsr 
disposed in A aid gap betv^en aaid fXan^o portion and yaid cap 
portioi^ for harmotioftXly coupling BLsid firjit a«d second tubu3.ar 
member: aiid for electrically inBuiatin^ said f.i.rst and sccvond 
tafouli»r JV.i?jnbBrs from one anc^ther, ofible Rieane connacted to s^iid 
eleotJCDdc for fiupplying ajn ^iRctric current to aald i^loctxod*? and 
an Insulating coating provided on c^t Icaot an outer surface of 
iX(iL<i ^.neulating pipe :JoiaU. 




